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© Polymeric acrylic prosthesis. 

@ This invention relates to implantable porous prostheses 
for use as bone or hard tissue replacements anywhere in the 
body. The porous implants comprise loose, individual 
polymeric particles of a specified size, coated with a 
hydrophilic material and barium sulfate particles. The pros- 
theses are biologically compatible in the body and promote 
bone and tissue ingrowth and attachment. This invention 
also relates to a method for producing the novel prosthetic 
devices disclosed herein. 
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POLYMERIC ACRYLIC PROSTHESIS 
TECHNICAL FIELD 

5 This invention relates to prostheses for use as 

bone or hard tissue replacements in any part of the body. 
More particularly, it discloses porous implants which are 
biologically compatible in the body and promote bone and 
tissue ingrowth and attachment. This invention also 
10 relates to a method for producing the novel prosthetic 
devices disclosed herein. 

BACKGROUND ART . 

15 In cases where an entire tooth/root, a section of 

bone or any hard tissue structure or defect must be 
replaced or repaired, biological compatibility and 
adequate ingrowth and attachment of surrounding body 
tissue and bone must be assured. 

20 

U.S. patent application No. 214,572, filed 
December 8, 1980, to Bruins et al. and assigned to Medical 
Biological Sciences, Inc., the assignee herein, approaches 
these problems of compatibility and tissue ingrowth by 

25 providing prosthetic devicfes comprising selected-sized 
polymethylmethacrylate (PMHA) beads modified with small 
amounts of barium sulfate and coated with and physically 
bonded together by means of a polymerized hydroxyethyl 
methacrylate (PHEMA) coating. The resulting bonds between 

30 the PHEMA coated PMMA particles provide a basic foundation 
for porous implants having exceptional strength. Adequate 
bone* and tissue ingrowth is insured by the use of the 
hydrophilic PHEMA coating which is wetted by the body 
fluids. 
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SUMMARY OF THE INVENTION 

The present invention provides a prosthesis 
comprising a conglomeration of modified PMMA beads which 
5 are not, initially, bonded together. Specifically, 
"modified" PMMA beads according to the invention are 
described as loose, individual PMMA beads coated with 
PHEMA and further modified with barium sulfate for x-ray 
identification. 

10 

The loose, individual modified PMMA beads may be 
inserted into areas of bone defects, such as cavities, or 
packed into any hard tissue part of the body in which 
repair, reconstruction or replacement is indicated. Areas 

15 where the loose, individual modified PMMA beads may be 

used include, for example, the third molar socket where no 
replacement molar is desired; furcations or bony 
recessions between adjacent teeth roots and infra-bony 
pockets caused by gum and bone disease. Non-oral 

20 applications include: fracture healing, bone cancer 

replacement, bony buildup in plastic surgery, filling of 
defective bone areas and replacement of metal implants, as 
well as replacement of any failing metal implants. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The prosthesis of this invention comprises a 
conglomeration of modified PMMA beads which, in 
individual, loose form, may, initially, be packed into 

30 cavities or other areas of hard tissue defect or disease 
by means of a dental tool such as, for example, the type 
used 4 to transfer silver amalgam. When a void in a hard 
tissue area is completely filled with the loose, 
individual modified PMMA beads, the surrounding soft 

35 tissue is then sutured over the beads to completely 
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enclose them. Once enclosed, the beads come into contact 
with each other, forming pores that are readily wettable 
by blood and body fluids. In this way, bone growth is 
promoted and bone recession prevented. As the healing 
process progresses, ingrowth of surrounding bone and/or 
tissue throughout the interstices of the packed beads 
leads to the formation of a prosthesis comprising a 
conglomeration of the modified PMMA beads. 

Loose, non-bonded PMMA beads coated with PHEMA 
and modified with small particles of barium sulfate are 
produced in a process similar to that disclosed in the 
applicants 1 patent application No. 214,572, filed December 
8, 1980, which is herewith incorporated by reference. In 
order to prevent bonding of the PMMA beads, the relative 
barium sulfate content of the implants is increased, while 
the amount of PHEMA is decreased and pressure avoided. 
Any clumps formed by the coated PMMA particles are broken 
up by physical means, such as a mortar and pestle. 

The loose, non-bonded modified PMMA beads 
comprising the hard tissue implants of this invention are 
produced according to the following method. PMMA beads 
are thoroughly mixed with between about 10 and 20% by 
volume, preferably 10%, and between about 21.5 and 43% by 
weight of .7 micron - or less than 1 micron - 
particle-size barium sulfate. Preferably, the size of the 
PMMA beads is chosen with a view towards the development 
of pore sizes that promote bone growth. Under various 
embodiments of the invention, the PMMA beads may be about 
the 20 to 24 mesh size (particle diameters between about 
700 and 840 microns) or about the 24 to 30 mesh size 
(particle diameters between about 590 and 700 microns) 
which are most easily transferred and packed into a void 
in hard tissue areas, and which form a pore size which 
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promotes bone growth. . The PMMA nay contain small amounts 
of a plastic! zer or a coraonomer. 

Between about four and seven percent, preferably 
5 five percent by weight (based on the PMMA) of monomer ic 
hydroxyethyl methacrylate (HEMA) is then added to the PMMA 
bead-barium sulfate mixture and the total mixture is then 
thoroughly mixed and combined to effect a uniform coating 
of the PMMA beads. The HEMA has a high grade of purity - 

10 about 98 . 4% minimum and is lightly inhibited from 

polymerizing by trace amounts of an inhibitor such as the 
methyl ether of hydroguinone (MEHQ) . The HEMA is 
preferably modified by the addition of a cross-linking 
agent such as trie thy leneglycol dimethacrylate, which 

15 comprises between about 1 and 5% of the HEMA, preferably 
5%. 

The mixed PMMA beads are subsequently heated 
while in a thin layer of about 1/16" to 1/8" in thickness 

20 in a silicone rubber molo or on a non-polar surface such 
as Teflon, polyethylene or polypropylene, that does not 
heat up in the alternating field and whose surface acts as 
a release agent. The heat treatment is carried out in a 
dielectric oven such as a Model MBS-1, manufactured by 

25 W.To Rose and Associates of Troy, New York, until most of 
the hydroxyethyl methacrylate is polymerized. The heating 
step is, for example, about 1 1/2 minutes in duration when 
the upper electrode is in a position 1/4" above the top of 
the beads. The PMMA beads are then allowed to cool to an 

30 ambient temperature between about 70° to 80°P and any 
clumps are broken up using a mortar and pestle and 
subsequently by screening. 

Since the resulting modified PMMA beads may 
35 contain residual amounts of monomeric HEMA, the beads are 
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then boiled in water for about 2 to 3 minutes in order to 
extract any remaining monomer. The PMMA beads are then 
spread out and air dried, or force dried under 
temperatures that are not high enough to cause melting. 

The loose, non-bonded modified PMMA beads have a 

♦ 

water -we ttable PHEMA coating into which the barium sulfate 
particles are imbedded* All of the barium sulfate is 
attached to the PMMA beads and thus there are no free 
particles of barium sulfate remaining. The barium sulfate 
must be present in an amount to substantially prevent 
bonding between the PMMA particles. Therefore, if the 
amount of PHEMA coating is increased, a corresponding 
increase in the amount of barium sulfate used is required. 

When the PMMA beads are to be packed into voids 
in hard tissue areas, it is advantageous that the PHEMA 
coating is wetted and swollen by water so that the beads 
become slightly adherent and can be more readily handled 
in clumps by a means of a dental tool, such as, for 
example, the type used to transfer silver amalgam. 

Bone surfaces which will be adjacent to the 
prosthesis are advantageously pretreated in various ways. 
Preferably, any tartar or debris on the bone surface, as 
well as all diseased bone adjacent to the prosthesis 
should be removed. This may be accomplished by using, for 
example, a round dental burr. In oral applications, it is 
also desirable to remove any diseased bone, as well as all 
the tartar and debris on the tooth roots adjacent to the 
bone defect, by scaling and curettaging the root surfaces 
with^ either a periodontal instrument or an ultrasonic 
scaler. The cleaned root surface is then treated with a 
mild acid solution such as, for example, a 50% agueous 
solution of citric acid or phosphoric acid, for about two 
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minutes, followed by rinsing with water. The mild acid 
treatment serves to collagenize the root and thus promote 
reattachment. 

It is understood that the foregoing detailed 
description is provided merely by way of illustration and 
that several modifications may be made therein without 
departing from the disclosed invention. 
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CLAIMS 

We Claim: 

1. 



A packing material for forming in vivo 
prosthetic implants for hard tissue, the packing material 
comprising disjoint particles, each particle having an 
inner core comprised of a biologically -compatible 
polymeric material and having an outer coating generally 
surrounding the inner core, the outer coating being 
comprised of a biologically-compatible hydrophilic 
polymeric material, each particle incorporating a 
sufficient quantity of barium sulfate to render a 
prosthetic implant formed of a compacted mass of the 
particles visible in an X-ray radiograph, the particles 
being of a size to permit a mass of the disjoint particles 
to be packed in a body cavity having at least one surface 
comprised of a hard tissue to form a prosthetic implant 
for the hard tissue with interstices between compacted 
particles of the prosthetic implant forming pores into 
which tissue can grow. 



2. The packing material of claim 1 in which the 
diameter of the particles is in the range of from about 

25 590 microns to about 840 microns. 

3. The packing material of claim 2 in which the 
cores of the particles are composed of an acrylic 
polymeric material. 



4. The packing material of claim 3 in which the 
cores of the particles are polymethylmethacrylate beads. 

5. The packing material of claim 4 in which the 
35 polymethylmethacrylate beads include a plasticizer. 
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6. The packing material of claim 3 in which the 
cores of the particles are composed of a copolymer of 
methylraethacrylate and a comonoroer. 

7. The packing material of claim 3 in which the 
hydrophilic polymeric material is a polymeric hydroxy- 
ethy lmethacry late . 

8. The packing material of claim 7 in which the 
ratio of the weight of the polymeric hydroxyethylmeth- 
acrylate to the weight of the cores of the particles is in 
the range of from about 0.04 to about 0.07. 

9. The packing material of claim 8 in which the 
polymeric hydroxyethylmethacrylate comprises a copolymer 
of monomeric hydroxyethylmethacrylate and a cross-linking 
agent. 

10. The packing material of claim 9 in which the 
cross-linking agent is trie thy leneglycol dimethacrylate. 

11. The packing material of claim 10 in which 
the ratio of the weight of the triethy leneglycol dimeth- 
acrylate to the weight of the monomeric hydroxyethyl- 
methacrylate is in the range of from about 0.01 to about 
0.05. 

12. The packing material of claim 7 in which the 
barium sulfate is located in the coating of hydrophilic 
polymeric material. 

t 

13. The packing material of claim 12 in which 
the ratio of the weight of the barium sulfate to the 
weight of the cores of the particles is in the range of 
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from about 0.25 to about 0.43. 

14. The packing material of claim 13 in which 
the barium sulfate is in the form of particles having a 
diameter of less than about one micron. 

15. A process for producing a porous implantable 
prosthesis comprising a conglomeration of loose, 
individual, modified polymethylmethacrylate beads 
including the steps of: 

a) mixing polymethylmethacrylate beads with 
between about 10 and 20% by volume or between about 21.5 
and 43% by weight of less than one micron particle-sized 
barium sulfate; 

b) adding between about 4 and 7% by weight (of 
the polymethylmethacrylate beads) of monomeric hydroxyethyl 
methacrylate to the polymethylmethacry late-barium sulfate 
mixture, and mixing said mixture to effect uniform coating 
of the PMMA beads; 

c) heating the mixture produced in step (b) 
with a dielectric heater while in a thin layer of about 
1/16" to 1/8" thickness in a silicone rubber mold or on a 
non-polar surface until most of the hydroxyethyl 
methacrylate is polymerized; 

d) cooling the mixture to an ambient 
temperature between about 70 and about 80°F. ; 

' ♦ e) breaking up any clumps in the mixture; 

f) boiling the mixture in water for about 2 to 
3 minutes; and 
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g) spreading out the obtained modified 
polymethylmethacrylate beads for air-drying or force 
drying. 
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